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httpNeuroﬁbromatosis-associated massive right internal
carotid artery aneurysm with a coexisting
arteriovenous ﬁstula
Marlin Wayne Causey, MD,a Daniel M. Balkin, MD, PhD,a,b Bala Ramanan, MD,a
Christopher F. Dowd, MD,c and Charles M. Eichler, MD,a San Francisco, Calif
A 47-year-old woman presented with a right cervical mass that had been slowly enlarging for 6 years, causing pulsatile
tinnitus and dizziness with compression. Computed tomography angiography demonstrated a partially thrombosed 8-cm
right internal carotid artery aneurysm with a coexisting arteriovenous ﬁstula. Conventional angiography demonstrated a
vertebrojugular ﬁstula (right vertebral artery to right internal jugular vein) and retrograde ﬂow in the right vertebral
artery to the ﬁstula. Successful repair was performed in a staged fashion: operative repair of the internal carotid artery
aneurysm with interposition bypass, followed by endovascular embolization of the vertebrojugular ﬁstula through a
bilateral vertebral artery approach. (J Vasc Surg Cases 2016;2:165-8.)Neuroﬁbromatosis type 1 (NF1) is an autosomal domi-
nant genetic disease associated with aneurysm, stenosis,
and arteriovenous malformations (NF1 vasculopathy).1,2
The most common clinical involvement of NF1 vasculop-
athy is renal artery stenosis with consequent renovascular
hypertension, but other common vascular manifestations
include abdominal aortic coarctation, internal carotid ar-
tery (ICA) aneurysms, and cervical vertebral arteriovenous
malformations.1-3 Cervical arterial aneurysms occur in 13%,
and 3% have arteriovenous malformations, but the inci-
dence of their coexistence is unknown.4 As the presenting
manifestation of NF1 vasculopathy, ICA aneurysms pre-
dominantly affect women in the fourth decade of life.5 In
this report, we present a case and treatment of a large
8-cm partially thrombosed ICA aneurysm and a coexisting
vertebrojugular ﬁstula. Informed consent for this report
was obtained from the patient.
CASE REPORT
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the right side of her neck that occurred during her ﬁrst preg-
nancy. Thereafter, she noted pulsatile tinnitus of the right ear
along with worsening nonvertiginous presyncopal episodes
that occurred when pressure was applied to the right side of
her neck. She had no other diagnosed medical comorbidities.
Physical examination revealed café au lait spots of the skin
with numerous cutaneous neuroﬁbromas throughout the
head, neck, and torso. Computed tomography angiography
demonstrated a partially thrombosed 8-cm right ICA aneurysm
with a coexisting vertebrojugular ﬁstula (between the distal
right vertebral artery segment V3 and the right internal jugular
vein; Fig 1, A). Anatomic discrimination proved difﬁcult,
prompting conventional cerebral angiography, which demon-
strated the large right ICA aneurysm with partial thrombosis,
signiﬁcant displacement of the ICA, and slow ﬁlling of the distal
right ICA. There was evidence of retrograde ﬁlling of the distal
right ICA through collateral branches, and the right anterior
circulation of the brain was supplied primarily by the left ICA
through the anterior communicating artery. Selective angiog-
raphy through the right and left vertebral arteries demonstrated
the vertebrojugular ﬁstula and retrograde ﬂow away from the
basilar artery through the vertebrojugular ﬁstula, respectively
(Fig 1, B-G). This was suggestive of vertebrobasilar insufﬁ-
ciency from a steal phenomenon. The proximal right internal
jugular vein and the sigmoid sinus did not ﬁll with contrast ma-
terial secondary to increased pressure from the ﬁstula. The pa-
tient (Fig 2, A) was then staged for open surgical repair of the
aneurysm (stage 1) followed by endovascular treatment of the
ﬁstula (stage 2).
Open reconstruction (stage 1) involved resection of the right
ICA aneurysm with a right common carotid artery to ICA bypass
using a 7-mm Dacron graft conduit, given the marginal quality of
the great saphenous veins and no evidence of infection. Dissection
was difﬁcult because of the large size of the aneurysm, high loca-
tion, and adherent right internal jugular vein, which was pressur-
ized by the vertebrojugular ﬁstula. After heparinization, a clamp
was used to control the proximal common carotid artery, and a165
Fig 1. A, Preoperative computed tomography angiography three-dimensional reconstruction demonstrating a
partially thrombosed 8-cm right internal carotid artery (ICA) aneurysm with coexistent vertebrojugular ﬁstula
between the distal right vertebral artery and the right internal jugular vein. B, Arch angiography demonstrated
signiﬁcant lateral displacement of the right ICA (white arrow) as well as the right vertebral artery to right internal
jugular vein ﬁstula (black arrow). C, Frontal view of the aneurysm with ﬁlling and turbulent ﬂow/partial
thrombosis within the aneurysm (visualization of the distal right ICA is difﬁcult, given the large amount of contrast
material within the aneurysm). D, Lateral view of the ICA aneurysm. E, Selective catheterization of the right
vertebral artery demonstrating the direct ﬁstulous connection to the right internal jugular vein (arrow).
F, Selective catheterization of the left vertebral artery demonstrating retrograde ﬂow in the right vertebral artery
and vertebrojugular ﬁstula (arrow). G, Three-dimensional reconstruction of the left vertebral artery selective
catheterization demonstrating the bilateral vertebral arteries, which enhance well owing to ﬂow into the low-
pressure right internal jugular vein and the ﬁstulous connection (arrow).
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B and C). The Dacron graft was sewn to the distal ICA in an end-
to-end manner, and vascular control was obtained by placing the
balloon catheter through the lumen of the graft and into the distal
ICA. Subsequently, the balloon catheter was removed from the
distal ICA, and a vascular clamp was placed at the midportion of
the graft for control during the end-to-end common carotid artery
anastomosis (Fig 2, D).
Stage 2 involved endovascular repair of the vertebrojugular ﬁs-
tula. Diagnostic angiography was used to detail the vascular anat-
omy after stage 1. Fig 3, A demonstrates resection of the ICA
aneurysm with an interposition graft reconstruction. Selective
access of the right carotid artery was achieved through a left trans-
femoral approach, which revealed normal ﬁlling and ﬂow of the
right ICA. Moreover, there was resolution of collaterals that
were present before treatment of the aneurysm. Therefore, right
hemispheric cerebral perfusion was restored. Subsequently, selec-
tive right vertebral angiography (Fig 3, B and C) was performed,
but the distal right vertebral artery could not be catheterized
through the ﬁstula (because of tortuosity and the retrograde distal
vertebral ﬂow). Coil embolization of the proximal ﬁstula was
achieved. In addition, the left vertebral artery was selectively cathe-
terized, and retrograde embolization of the vertebrojugular ﬁstula
from the distal right vertebral artery was performed (Fig 3, D).
This approach permitted complete ﬁstula occlusion, which resulted
in normalization of ﬂow in the cerebral arterial (right vertebralantegrade; Fig 3, E) and venous circulation. Postoperatively, the
patient remained intact neurologically, sustained no complications,
and experienced resolution of tinnitus at 1 year of follow-up.
DISCUSSION
NF1 (von Recklinghausen disease or peripheral neuro-
ﬁbromatosis) is a rare autosomal dominant syndrome char-
acterized by café au lait macules, neuroﬁbromas, and iris
hamartomas.5 When NF1 affects the extracranial cerebro-
vascular circulation, it may be manifested as vessel occlu-
sion, arteriovenous malformations, and aneurysmal
degeneration, often occurring in major arteries.6 It is difﬁ-
cult to fully understand the incidence of such unusually
occurring arterial abnormalities as the only study describing
this population was a retrospective by the Mayo Clinic that
analyzed 31 patients during a 29-year period (1976-
2005).4 In this study, 13% had ICA aneurysms and 3%
had cervical vertebral arteriovenous malformations. Symp-
tomatic patients requiring operative intervention have a
high complication rate of up to 26% but durable surgical
reconstructions.4
The risk of rupture in NF1 patients with extracranial
cerebrovascular manifestations is unknown, but it is
thought to be higher than from aneurysms of other
causes.4,7 This increased rate of rupture is secondary to re-
ports that describe NF1-affected arteries as being more
Fig 2. Operative repair (stage 1).A,Preoperative image of the patient demonstrating the large right-sided neckmass aswell as
the cutaneous neuroﬁbromas.B,Right internal carotid artery (ICA) aneurysmwith retractors removed. Vessel loops are placed
around the right common and external carotid arteries.C, The patient underwent resection of the right ICA aneurysmwith a
right common carotid artery to ICA bypass using a 7-mm Dacron graft. Because of the large size and high location of the
aneurysm, a clampwasused to control theproximal commoncarotid artery, and aballoonwas employed for control of thedistal
ICA.D, Completed reconstruction of the right common carotid artery to ICA interposition graft.
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degeneration in the elastic lamina and the media.4,7 The
arterial wall changes are thought to result secondarily
from medial cystic degeneration and disruption of the
tunica elastica (smooth muscle origin) and are associated
with antibodies against desmin and muscle-speciﬁc actin.4,8The ﬁrst management goal in our patient was to treat
the extracranial ICA aneurysm to improve right cerebral
hemisphere perfusion, to prevent rupture, and to avert
intracranial embolization. The second goal was to treat
the patient’s vertebrobasilar insufﬁciency by occlusion of
the vertebrojugular ﬁstula while preserving patency of the
Fig 3. Endovascular repair (stage 2). A, Initial angiogram demonstrating resection of the internal carotid artery (ICA)
aneurysm with interposition graft. B, Right vertebral artery selective catheterization. C, Vertebrojugular ﬁstula
embolization. D, Selective left vertebral artery catheterization. The distal right vertebral artery and vertebrojugular
ﬁstula are cannulated (arrow). E, Coil embolization of the right vertebrojugular ﬁstula (arrow) through the left
vertebral approach. Note that completion angiography from the left vertebral artery demonstrates prograde basilar ﬂow
without retrograde right vertebral artery ﬂow.
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did not demonstrate clearly the extracranial cerebrovascular
circulation as a result of the massive size of the aneurysm as
well as the sump effect of the vertebrojugular ﬁstula. Diag-
nostic cerebral angiography, enabling precise delineation of
the vascular anatomy, proved necessary to formulation of
an effective operative strategy. Careful consideration was
needed to determine the sequential approach to repair of
the aneurysm and the associated arteriovenous ﬁstula. If
embolization of the ﬁstula had been performed ﬁrst, subse-
quent aneurysm resection would have been safer, given the
risk of potential bleeding from the pressurized right inter-
nal jugular vein and its associated anatomic distortion.
However, concern existed about whether ﬁstula emboliza-
tion would have resulted in postprocedure cerebral venous
hypertension because of the absence of proximal internal
jugular vein and sigmoid sinus contrast enhancement on
the preoperative angiogram.
CONCLUSIONS
This report highlights a coexistent association between
NF1, arterial aneurysms, and arteriovenous malformations.
When arteriovenous ﬁstula and carotid aneurysms coexist,
management considerations must be tailored, especially
when a combined operative and endovascular approach
proves necessary. This case illustrates a stepwise multidisci-
plinary approach to the successful diagnosis and treatmentof a massive right ICA aneurysm and a coexisting vertebro-
jugular arteriovenous ﬁstula.
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